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Introduction

This handbook is for all members of the Naval Aviation Systems Team (TEAM).
It is your initial reference for information about Mapping, Charting, and
Geodesy (MC&G) support from the Defense Mapping Agency (DMA).

This handbook will:

clarify MC&G relevance to TEAM systems development and your job,

guide you in acquiring a necessary basic competence in MC&G,

explain the process for you to get DMA MC&G data and services, and

point you to help on MC&G within the TEAM, DMA, and elsewhere.

You don't have to read the whole thing front to back right away, if ever. We
organized it for browsing. For more details on a particular topic see the

FWhere to find it: I
box at the end of each section.

* We recognize that you are important and busy. So we included Executive Gouge
that distills the essence of the handbook to one page. If you read the Executive
Gouge on the next page and intuitively grasp the fundamental implications of each
nugget of truth... well, you need read no more! Furthermore, you are designated
a Geospatial Information Prophet and authorized to grant audiences with those of
dimmer wattage than yourself, and to reveal to DMA the next crisis area that
needs to be mapped which is, of course, where our next war will be. If anyone
needs to know, they do.

One other thing. When we generally speak of warfighters, we are not talking just
about the shooters. We mean all of you on the TEAM: developers, planners,
everybody. We know your support is integral to their success.

After initial hard copy distribution, this handbook will be on the NAVAIR

Headquarters Network (NHN) and updated by your MC&G Team in Air-526.

If you now are beginning to wonder:

"Why is MC&G so important to the TEAM anyway?"

-please read on!
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EXECUTIVE GOUGE

Global geospatial information promises unprecedented interoperability. (p. 1)

A weapons system without MC&G is like a weapons system without funding. (p. 1)

DMA's significance is not proportional to its DoD budget. (p. 2)

DMA is the sole DoD provider of MC&G. (p. 2)

Identifying MC&G requirements early will ensure you have data in the Fleet. (p. 2)

The MC&G Team is in Air-526. (p. 3)

Developmental and operational MC&G requirements are different. (p. 4)

The most important thing developers must understand is the warfighter's NEEDS! (p. 4)

Digital data structures constrain systems development. (p. 5)
Raster is faster but vector is smarter. (p. 6)

Not using standard DMA data will cost BIG $$. (p. 6)

The TEAM greatly influences new MC&G products. (p. 8)

The TEAM can't automatically provide DMA data to contractors or foreign countries. (p. 9)

Standardization of MC&G products = interoperability. (p. 11)

GGIS is a vital part of the evolving national spatial data infrastructure. (p. 12)

GGIS will be DoD's worldwide spatial reference base for interoperability. (p. 12)

Standard DMA products and services are free to the TEAM. (p. 13).The TEAM must pay for unique MC&G requirements. (p. 13)

DMA provides MC&G viewing software but little analytical software. (p. 16)

DMS Is the TEAM's source of MC&G training. (p. 1)
Arranging demonstrations of MC&G products and capabilities is easy. (p. 19)

No stock number, no quantity, no due date, no priority, NO SERVICE. (p. 20)

It takes acquired skills to order DMA products. (p. 21)

Misusing DMA products can be fatal. (p. 24)

Gravity is not just a good idea, IT'S THE LAW! Ignore gravity and DIE! (p. 25)

DMA product accuracy defines the warrior's envelope of reliable use. (p. 26)

Advanced PGMs have complicated the targeting problem. (p. 27)

Speed is life, but the MISSION IS POSITION! (p. 27)

The keys to success: datums, reference systems, transformations, accuracies,

precise positioning, WGS, and GPS. (p. 30)

I have GPS; I don't need maps...NOT! (p. 30)

Targeting from maps Is as effective as PQL (Partial Quality Leadership). (p. 31)

Practice safe positioning. JUST DO IT! (p. 32)

Where is the TARGET? The best coordinates win! BC = CMF. (p. 32)

Revolutionary new MC&G products for TEAM systems are coming. (p. 34) 0

DMA is pushing the envelope of mapping technology. (p. 36)

GGIS potential as a force multiplier is truly awesome. (p. 37)

The TEAM needs to give DMA feedback! (p. 39)

or
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Section I

DO YOU NEED MC&G SUPPORT FOR YOUR TEAM ACTIVITY?

Everyone on the TEAM has questions, problems, and issues; this is the nature of
systems development. The common backdrop supporting Department of Defense
(DoD) weapons systems and their development is MC&G spatially referenced
data. So the $64 question is this: "Is my problem, issue, or question related to
MC&G?" If your weapons system needs reference or positioning information, it
uses geospatial information and you need to know about MC&G. Your system
won't work without it. The newest weapons systems require digital geospatial
information in increasing amounts, quicker, and on varying media for successful
mission operations. So what is this thing called geospatial information?

1. GEOSPATIAL INFORMATION. Geospatial information is dimensional data
referenced to the earth and its environment. Map makers give the information its
meaning through formal representations that describe distances, direction, size,
and relative position. Spatial objects, which vary in location or time, are either
picture elements (pixels), points, lines, or areas (sometimes called polygons).
Cartographers measure, encode with coordinates, and further defined these
objects with other attributes and values, then store them in raster or vector data
models for the warfighter's later use. This information can be printed or
displayed as text, imagery, or accurate models of the real world. For maximum
value to the warfighter, geospatial information should be worldwide, highly
accurate, continuously updated, electronically delivered, and referenced in space
in a universally usable way.

These ideas compose a new notional concept from DMA called Global Geospatia!
Information and Services (GGIS). GGIS is the future of MC&G. GGIS data will
be used and exchanged anytime, anywhere for measuring, mapping, monitoring,
modeling and simulation, mission rehearsal, evaluating the battle space, and for
other new applications yet to be discovered. It will take many years, significant
resources, and unprecedented cooperation throughout DoD to achieve the
ultimate potential that an infrastructure of geospatial information promises. To
be successful, GGIS must meet the needs of informed customers like you, rather
than MC&G data providers like DMA.

2. DMA. DMA, established in 1972 from existing Service MC&G assets,
provides MC&G combat support to the warfighters. DMA is a joint DoD agency
under the direction and control of the Assistant Secretary of Defense for
Command, Control, Communications, and Intelligence (ASD C31). The DMA
Director, a flag officer, reports to the Chairman, Joint Chiefs of Staff (JCS) for
operational matters. DMA also speaks for DoD on international MC&G issues.

I
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DMA employs approximately 7,700 civilians and about 275 military personnel
representing all Services. Professional specialties include cartography, geodesy,
geology, astronomy, oceanography, remote sensing, photogrammetry, optics,
computer science, and engineering. The DMA FY93 budget was $763 million,
less than a day's worth of the DoD budget.

DMA is the sole DoD provider of MC&G support to joint warfighter operations;
for example, combat, search and rescue, peacekeeping, evacuations, humanitarian
efforts, counter drug operations, disaster relief, crisis, surveillance, deterrence,
planning, training, special operations, and, of course, systems development.

Many DoD elements, including the development community, are not fully
knowledgeable of the wide range of MC&G products and services available to
them from DMA without cost. DMA makes over 230 MC&G product lines
including 70 digital ones. More are on the way.

Advances in technology and warfighter expectations require DMA MC&G
products and services of improved accuracy and currency, increased information
content, covering more diverse areas of the world with faster delivery. These
higher expectations are especially challenging in the present DoD budget
reduction that has significantly impacted DMA.

3. INTEROPERABILITY. Joint Pub 1-02 says: "Interoperability is the ability
of systems, units or forces to provide services to, and to accept services from,
other systems, units or forces, and to use the exchanged services to operate
effectively together." Talk about a classic understatement with leading
implications!

DMA's goal for systems development is straightforward
-joint MC&G interoperability in the battle space!

4. MEMORANDUM OF UNDERSTANDING. In June of 1993, the Director of
DMA and the Commander of Naval Air Systems Command signed a
Memorandum of Understanding establishing a DMA liaison position at NAVAIR.
There is an urgent need to develop and identify MC&G requirements as early as
possible in the system development cycle. The costs to be avoided are significant.
The DMALO assists the TEAM in early identification of MC&G requirements
for sensor systems, targeting systems, autonomous weapons, aircraft avionics,
modeling and simulations, mission planning, and mission rehearsal systems from
conceptual design through advanced development. The DMALO works closely
with the TEAM to address their MC&G needs in system development documents

0
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such as MNSs, ORDs, RFIs, RFPs, and COEAs. The DMA Liaison Officer
(DMALO) also facilitates the exchange of MC&G policy and procedural issues
such as planning, programming, budgeting, and management of requirements.
While the DMALO represents the Director of DMA, the position is not another
required layer of coordination. The liaison emphasis is on encouraging direct
contact between the TEAM members and DMA action officers and simultaneous
communication with the Meteorological/Oceanographic (METOC) Officer in
NAVAIR to ensure proper coordination of MC&G requirements.

"Where to find it:
+ For more information on GGIS read Strategic Direction for the Defense Mapping Agency: A
Vision for the 21st Century and The Global Geospatial Information and Services Initiative
available from Air-526 at (703) 604-3380 ext 8118 [DSN 664]. + A copy of the Memorandum of
Understanding is available from Air-526 at (703) 604-3380 ext 8118 [DSN 6641.

3
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Section H

MC&G REQUIREMENTS IN TEAM SYSTEMS DEVELOPMENT

1. TWO KINDS OF REQUIREMENTS. There are two kinds of MC&G
requirements: developmental requirements and opgionia requirements. They
are different. Developmental requirements come from the service development
commands such as NAVAIR. The usual MC&G outcomes are DMA test data sets,
product prototypes, and hardware and software related to the development. On
the other hand, operational requirements come from the Services, Unified
Commands, and the JCS, not from the developers. These are also called "area"
requirements because they identify where map coverage is needed for operational
use. These go through a priority process so that DMA produces the most
important areas first. System developers must take the initiative and talk to the
warfighters and their MC&G support staffs early and often in the development
process. If not, a system can deploy for which NO operational MC&G coverage
exists. Believe it or not, this has already happened with embarrassing and costly
consequences! There is no substitute for clear teamwork in MC&G.

2. SOME BASIC CONSIDERATIONS. DMA and the TEAM learned from
painful experience the following MC&G articles of faith that apply to system
development.

Article A. The earlier you involve MC&G in development the better
for everyone. It saves big bucks. Be clear about when you need MC&G support
in the development cycle.

Article B. Know, in warfighter terms, the intended use(s) of MC&G
data. Nothing is more important! It drives the accuracy and every other
characteristic of the product. Here are some examples of intended use:

Precise Target Coordinates
Strike Warfare
Mission Planning
Mission Rehearsal
Command, Control, and Communications
Intelligence
Antisubmarine Warfare
Electronic Warfare
Assault Operations
Special Operations
Mine Warfare

4
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Amphibious Operations
Fleet Support
Construction
Antisurface Warfare
Anti-Air Warfare
Shared situational awareness
Rapid synchronization of joint forces
Interoperable real time information exchange
Visualization of entire battle space
Location reporting

System developers need to identify which uses will require additional applications
software either furnished by DMA or developed by others.

Article C. What is the MC&G positional accuracy required by the
warfighter? Express it in absolute and relative terms (feet or meters) at some
probability level (typically 50 or 90%) for vertical and horizontal dimensions, or
spherically. [See Section VII for more on this subject.]

Article D. What MC&G information density and data coverage does
the warfighter need for expected areas of operation? This may seem relatively
unimportant . iring development but it directly influences such variables as data
storage capacity, processing speed, and selection of the storage medium. It
requires close coordination among developers, operational planners, and those
determining area requirements. This information drives DMA's production
schedule to meet Fleet needs.

Article E. Choose the appropriate MC&G digital data structure (raster,
vector, matrix, imagery, text). Most warfighters find data structures
uninteresting; however, system developers need a basic familiarity to make
intelligent decisions on implementation. Each structure has inherent advantages
and disadvantages.

The raster structure has a simple format of rows and columns of pixels each
having a row and column location that is geospatially referenced. All feature
content within the pixel is condensed to a single value. There are several
algorithms to choose the single value. This single value generalizes reality, but
simplifies the data format, saving time and storage. Excessive magnification of a
displayed raster file degrades the visual fidelity and does not improve the
accuracy of the content.

5
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* In contrast to the single pixel value of raster features, vector features are
described objectively and subjectively in great detail. The vector structure is
more flexible because at any magnification it preserves feature content and
retains maximum digitized positional accuracy. Vector is not a simple data
structure; it requires sophisticated data manipulation software and significant
storage typically resulting in slower times for data access and display.

The matrix (also called gridded) structure is a kind of raster that needs no
condensing algorithm since the original source information is a single value. A
good example is a data file of terrain elevations where each elevation is the pixel
content.

Digital imagery is also a kind of raster that has richer information content by far.
The richness of content is proportional to the size of the pixels.

The digital text structure includes text-based embedded objects (such as graphics)
as well as the usual keyboard data (such as narrative descriptions).

Article F. Eliminate or minimize pre-processing of standard DMA
MC&G data before warfighter use. In the past, DoD expended resources on
proprietary contractor software that transformed standard DMA data for unique

* hardware. Such costly reformatting, data compression, and similar data
manipulation are no longer affordable. Whenever possible, design the system to
use standard DMA data. Early coordination with DMA will make integration
easier.

Article G. Clearly identify each functional capability. Here are some
examples:

Declutter logical groups of information
(roads, for example)
Use the data for graphic display
Zoom, scan, roam, and rotate the display
Use the data internally for computations
Annotate new local information by the
warfighter
Delete or change information
Load, change, access, and transfer the data
base
Generate profiles
Handle data updates from DMA

6
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Requirement for any transformation or
other pre-processing of DMA data before
use by the warfighter
Requirement for these capabilities to be
interoperable with other systems for joint
Navy or DoD operations
Switch from one coordinate reference
system to another
Transform datums and projections
Customize symbology
Measure distances, coordinates, elevations,
and areas
Output to hard copy
Search by names and other attributes
Capability to perform lossy or lossless
compression of spatial or color data
Adjust MC&G display for varying glare,
ambient brightness, and shadows
Accurately correlate aircraft position with
MC&G data position

What are the associated performance characteristics for each capability? How
easy to use? How fast? Do these capabilities require unique software tools and
applications that are not available from DMA?

Article H. How will updates (additions, deletions, corrections) t,) the
MC&G data be managed?

Article I. What storage medium does the warfighter need? A CD-ROM
has the storage capacity of about 600 MB or 22 square feet of paper maps. This
equals about four 1:250,000 maps or 10,000 square nautical miles. A CD can
also hold more than 200 10 cells of DTED (280 million elevations) covering
440,000 square nautical miles. For comparison, this much data would require
between 10 and 20 half-inch nine-track Computer Compatible Tapes (CCT)
recorded at 6,250 CPI. Other storage possibilities include write once read many
(WORM) optical discs, 8 mm digital cassettes, erasable optical discs, and video
discs.

Article J. Build in a capacity for growth where it makes sense. The
potential applications for MC&G data are still not fully known.

7
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* 3. THE ROLE OF CNO (N096). The Oceanographer of the Navy, CNO
(N096), is responsible for all Navy MC&G matters (which includes Marine Corps
aviation through the NAVAIR link) including validation and submission of Navy
MC&G requirements to DMA. You probably are asking yourself: Why the
Oceanographer of the Navy? Navy's contribution to MC&G source information
originated with the collection of bathymetry data, and N096 still owns the ships
that collect this data.

When the Fleet needs MC&G support, TEAM developers determine whether an
adequate product already exists. If not, they work with DMA to develop a new
or modified product. They submit this requirement by letter through N096 to
DMA.

4. THE ROLE OF CNMOC. The Commander, Naval Meteorology
Oceanography Command integrates fleet and development requirements into the
integrated survey plan. This five year survey plan dictates the employment of the
Oceanographic Fleet that is under the direction of the Naval Oceanographic
Office. The Oceanographic Fleet collects oceanographic information such as
bathymetry, gravity, acoustic measurements, and non-acoustic parameters.

5. THE ROLE OF NRL. The Naval Research Laboratory, located at Stennis
* Space Center, has the Navy expertise for MC&G research and development.

NRL produced CAC used by the F/A-18 and AV-8B aircraft. They also provide
technical evaluation of all new DMA products for the Navy and Marine Corps.
NRL has a wealth of experience in digital moving maps, digital data bases,
compression of scanned map data, digital map image enhancement, color palette
optimization, and software development for map stations and mission planning
systems. Any TEAM program can work with them directly.

6. EVALUATING DMA PROTOTYPES. The TEAM, a big user of DMA
products, greatly influences new product development. If you want to evaluate a
prototype, contact the TEAM METOC Officer to get on the master list of
prototype evaluators. Anyone on the TEAM can evaluate a prototype including
your contractors. (Contractors must confirm their compliance with any release
restrictions.) If you evaluate a prototype you also participate in technical
exchange meetings and respond to questionnaires. Please keep in mind that due to
the nature of prototyping minor changes can occur from the final prototype to
the first production copy.

Data formats impact speed of retrieval. PLAN AHEAD
so the Statement of Work covers prototype evaluation. I

0
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7. WHEN YOUR CONTRACTOR WANTS MC&G DATA. DMA digital data
bases are defense information and an increasingly valuable national resource. All
provided DMA data is government furnished information (GFI) under the DoD
Federal Acquisition Regulations (DFARS). DMA Instruction 8660.10,
"Procedures for Request, Release, Handling, and Distribution of Defense
Mapping Agency Mapping, Charting and Geodesy Digital Products," provides
some measure of protection by limiting access. It contains an extract from the
DFARS about the limitations on distribution outside DoD. TEAM members need
to know that recipients of DMA digital data are responsible for protecting this
information against misuse or loss. Contractors can't duplicate, retain, or reuse
the MC&G data. They must return it to the Government or destroy it upon
completion of the contract.

Contractors submit requests for standard DMA products through their TEAM
sponsor and the NAVAIR MC&G Team to N096. Release of MC&G data for
system demonstrations is generally permissible if it remains under Government
control at all times.

8. MC&G AND FOREIGN MILITARY SALES. Foreign access to DMA
products and services is subject to security directives, international agreements,
copyrights, and other release factors. DMAI 8660.10 states that DMA is not
responsible for providing digital MC&G products for weapons systems sold to
foreign governments.

Existing bilateral agreements between DMA and a particular country may already
allow FMS release. To avoid delays and potential embarrassment for DoD, the
TEAM must coordinate with DMA before making any commitments to release
MC&G products to FMS customers. DMA handles each case separately. The
Director of DMA is the sole release authority for DMA produced MC&G
products, not TEAM developers or contractors.

Here are some examples of recent DMA FMS guidance:

Unclassified products not otherwise restricted such as GNC, JNC, ONC,
TPC, WVS, and DCW are releasable to FMS customers.

DTED of a specific country may be released under the terms of a DMA
Digital Agreement with that country.

ADRG of GNC, JNC, and ONC products is releasable worldwide unless the
ADRG contains foreign produced maps. In this case, release is subject to
approval by the foreign co-producer.

9
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ADRG of JOG and TLM is releasable if DMA has an existing bilateral
agreement with the FMS customer and no other restrictions apply.

DAFIF is also releasable, but since it is updated every 28 days, the
recipient will need to maintain a current data base.

Where to find it.
+ Refer all FMS requests directly to the International Operations Directorate at Headquarters, DMA 285-
9417 [DSN 356] or call your MC&G Team in Air-526 at (703) 604-3380 ext 8102 or 8118 [DSN 664, -.Of a
copy of DMAI 8660.10 write DMA, Attn: AMO, Stop D-2, 4600 Sangamore Rd., Bethesda MD 20816 or call
(301) 227-2026 DSN f2871 or fax (301) 227-2359 DSN 12871.

100A
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Section 1II

BUILDING YOUR MC&G LIBRARY

1. DOD DOCUMENTS.

DMA. DoD Directive 5105.40, "Defense Mapping Agency," established
DMA, its mission, authority, responsibilities, and relationships. It also directs the
use of DMA standard products except as authorized by ASD (C31).

MOP 31. Chairman Joint Chiefs of Staff Memorandum of Policy 31 (CJCS
MOP 31), "Submitting and Assigning Priorities to Requirements for Mapping,
Charting, and Geodesy Support," is the CJCS statement of policy for submitting
and prioritizing MC&G operational requirements. DMA maintains the approved
consolidated data base of DoD MC&G production priorities.

2. MILITARY SPECIFICATIONS AND STANDARDS. National strategic
objectives for joint and combined operations require interoperability of MC&G
data, applications, and equipment. Interoperability of MC&G digital data and
software assures consistent accuracy, data structure, feature coding, coordinate
reference systems, datums, and spatial resolution. Interoperability allows

* exchange of MC&G information among warfighters, planners, and developers
regardless of Service. It demands rigorous development and enforcement of
DoD standards for geospatial data exchange and exploitation.

Military Specifications. DMA Instruction 8130.1, "Department of Defense
Military Specifications for Mapping, Charting, and Geodesy Technology," defines
the format and content of MC&G MIL-SPECS. Developers reviewing
specifications may find this useful.

MC&G Glossary. MIL-HDBK-850, "Glossary of Mapping, Charting, and
Geodetic Terms," is a valuable reference for developers unfamiliar with MC&G
terminology and their meanings.

Standardization Report. DMA publishes a Standardization Report to relay the
status of MC&G related MIL-SPECS, MIL-STDS, and MIL-HDBKS available
and in work.

3. DMA DOCUMENTS. The following DMA publications directly apply to
weapons system development:

Strategic Direction. "Strategic Direction for the Defense Mapping Agency:
* A Vision for the 21st Century," published in February 1994, is a policy document

11
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for the near-term and long-range future. The implications for advanced weapons
system development are worth knowing.

GGIS. The best reference on GGIS to date is the professional paper, "The
Global Geospatial Information and Services Initiative," written by Roberta
Lenczowski of DMA and published in the 1994 IMAGE VII Proceedings. All
TEAM system developers and their contractors need to understand the notional
concepts behind this vital part of the evolving National Spatial Data Infrastructure
(NSDI). GGIS will be the DoD worldwide spatial reference for interoperability.

Continuous Improvement. "DMA Plan For Continuous Improvement:
Creativity, Excellence, and Teamwork," Version 2, implements the DMA
strategic direction using a Total Quality (TQ) approach. It nicely compliments
the TEAM vision.

TEAM MC&G Plan. "Naval Aviation Systems Team Mapping, Charting, and
Geodesy Plan," is the action plan for your MC&G Team in Air-526. It was
distributed to the TEAM in March 1994 accompanied by an Air-05 policy letter.

Data Transformation. DMA Instruction 8130.4, "Defense Mapping Agency
Provision of Mapping, Charting and Geodesy Transformation Services," concerns
the prior processing of standard DMA digital products and services before use by
warfighters. It also defines "transformation," and implements related ASD(C31)
policy.

Requesting MC&G Products and prototypes. DMA Instruction 8660.10,
"Procedures for Request, Release, Handling, and Distribution of Defense
Mapping Agency Mapping, Charting and Geodesy Digital Products," covers
requests for existing products including prototypes. It includes DMA Form
8660-6, "DMA Digital Product Request," used to order DMA digital products.
The TEAM must comply with OPNAVINST 3140.55, "Submission of
Requirements for Mapping, Charting, and Geodesy Products and Services," as
well.

Requesting New Products. DMA Instruction 8052.1, "Validation of
Requirements for New or Modified Non-Crisis Mapping, Charting and Geodesy
Digital Products and Services," covers how to develop a Statement of
Requirements for unanticipated but necessary near-term MC&G products.

Unique Service Requirements. DMA Instruction 5000.56, "Programming
Unique Mapping, Charting and Geodesy Requirements for Developing Systems,"
implements DoD policy on interoperability and prescribes procedures for
reimbursing DMA to satisfy an emerging system requirement when it is unique to
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